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SU’MARY

An investIgationwaemadeof theicingcharacteristicsand
meansof iceprotectionofa typicalradial-enginecooling-fan
installation.Thetnvestigatlonwasmadeatvariousicingand ‘
performanceconditionsintheicingresearchtunnelof theNACA
Clevelandlaboratory.

Theicingoftheunprotectedcooling-faninstallationwas
foundtopresenta seriousoperationalproblem.Reductioninair
flowbelowthemirdmmmvaluerequiredforenginecoolingoccurred
within2 minutesandcompletestoppageof thecooling-airflow
throughthefanassemblyoccuri%dinas llttleas 5 minutesunder
normalicingconditions,

Steende-icingwasfoundtobe effectiveforthecowlinglip
andinletduct.Alcoholde-icingofthefanbladesandstator
vaneswasfoundtobe unsatisfactory.Electricalheatde-icing
ofthefanbladeswasfoundtobe effectivebutde-icingot the
statorvaneswasnotcompletelyeffectiveat thepowerdensities
investigated.

Inadequate

—

INTRODUCTION

enginecoolingathighgrossweightsnecessitated
theuseofenginecoolingfanson a largetwin-engineairplane.
Becauseof thee~cted lossk cooling-airflowundericingcon-
ditions,an investigationofthede-icingofa typicalradial-
Onginecooltngfanwasdeemedadvisable.Thetrendtowardthe
useofenginecooltngfanson largehigh-performancealrcreft
makessuchan investigationofgeneralinte@t.
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An Investi@tiontodeterminetheicingcharacteristicsofthe
fan-assemblycomponents,toevaluatetheeffectOY icingonfan
performanceat variousicingandfan-perfomanceconditions,andto
investigateandevalukte-t~eeffectiveness-ofso”veralsystemsof’ice
protectionofthecooling-fanassemblywasconductedintheIcing
researchtunneloftheK4CAClevelandltibci%tory.

L“IMRATUS

Theinve~ti~tionwasconductedinthediffusersectionofthe
icingresearchtunnel.Thecooling-fanassemblywasmmntedonthe
modifiednosesectionof.anainplane“fuselageinstalledInthetwn-
ne1. The installationconsisted~fa typicalpropeller-speedmgine
cooli~fan,a stator-,vaneanddiffuserassembly,a baffleglate
locatedina ccnwtant-argaannularductdwnstreanofthefanto
simulatethepressuredmp acrosstheengine,.astandardradial-
enginecowli~,a thzzee-bladopropellerandspinner,andnecessary
instrumentation.(2eeftg.1.)

Conli rW fan. - Thecooling-fanaeeemblywasdesi~nod.tobe
mount~at thefroutfaceofa radial.engineandenclosedby the
er&inecuwlirv3w:ththefanrotorattachedto therearofthepro-
pellerhubandthedater-vaneassemblyattachedtotheroduction-
Cearhousing.‘Thefrontfairingofthefandiskwasof–the“di6h-
pan”typewitha lafGeforwardb@ge at theouterdiameterof the
dishpan.Thefanhad72camberedsheet-metalbladegwitha tip
diamwterof’45 inchesanda tipclearanceM three-sixteenthsinch.
Aspartofthecooli~-fanass~bly,49 .caiuberedsheet-metalstat~r
vaneswerelocatedbehindthefantoremovetherotationalcompo-
nentoftheflow. A clearanceofseven-ei,ghthsinchtisted between
the fan blades andstator vanes.(Seefig.1.)

.
+1

~nstrumentation.- Totalpressureinfrontofthefanandtotil
1

andstaticproseurebehind@e statorvanesweremeasuredky
.-

yressure-tuberakes(fig.2). Fourequallyspacedrakesbf shielded
total-pressuretubbswerekcatedat theMp oftheenginecowMng
betweenthefanandpropeller.Theserakeswereunheatedbecauseof
theextremedifficultyinheatingsmallshi.eidedtotal-presa!metubes

.—

andhencewereUflf3donlyon”nonic’ingpress-we-distributionstudies.
Electricallyheatedrakesconsistingoffourtotal-pressuretubes
andonestatic-presscretubewerehstalleil%ehindtheetatarvenes
atfourequallys~acedpositions.carreapo@ingtothepositionsof
thefrontrakes.Inaddition,etati.cpressuresweremeaw:redon
theinnerwallofthediffuserintheplaneof therearraket3.All
thepressureswereindicatedona multiple-tubemancmeterandwere
.:hatowaphicallyrecorded.

6“
‘
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TM tunnelambient-airtemperaturewasmeasuredby twoshielded

thermocoupleslocatedapproxtiately15feetdown~treamof thecool-
ingfan. Thetunnelairvelocibywasdeterminedfromthestatic-
pressuredropthroughthecontractionsectionof thetunnel.The
propellerandengineo~ratingconditionswereindicatedby steM-
ardaircraftinstrumentslocatedonthecontroldesk. A batteryof
fourstroboscopicflashlampspezmittedobservationsof thefan
whileoperating.

Steam-heatinstallation.- In orderto investigatetheeMmi-
nationof iceon theengtne-cawlinalipandtheconseqyrentscraping
ofthefen-bladstips,onesteamlinowithjetsO.10-inchindiam-
eterandspaced1/2inchapsrtwasplacedinsidethec~linglip
andanotherwaslocatedoutsidetheinletduct2 inchesbehindthe
firstline(fig=3). Thesslineswereof3/8-inchcoppertubing
andextendedapproximately4C0oneachsideof thecenterlinein
thelowerhalfof ‘&ecowling.Steamheatingwasconfinedtothe
lowerquarterof thecowlingbecauseofthe limitationsandalso
topl+o~ideu ~eated areaforcoWRrison*

Alcoholde-icinginstallation.- In theinvestigationofthe
useof isopropylalcoholforde-ic~ng,spraynozzlebam were
mountedradiallyinfrontof thefanbladesandalsobetweenthe
fanbladesandthestatorvanes(fig,4). Thespraynozzlebars,
consistingof tubeshavingsixsmall@s each0.070inchindiam-
eter,weremountedto epraythealcoholforwardinanattemptto
obtaina goodspraydispersionandattheseinetimetokeepthe
spraytubesde-iced.Forthefirstinstallatima singlenoi-zle
barwasmountedhorizontallyinfrontof thefanbladesandone
ina correspondingpositionwasmountedat theleadingedgeoftM.
stxtorv2nes.Forthesecondinstallationtwospraynozzlebars

._

locatedapproximately45°apartweresimfl.arlymountedh frantof
thefanbladesandtwospraynozzlebarswerealsomcuntedat the
leadimgedgeofthestatorvanes.Thissecondconfiguraticmwas
usedtoobtaina greatercoverageofalcoholon thestatorv.ganes
andtoacconmmdategreaterflows,A variable-controlalcohol
pumpprovidedflowratesupto 2.3~oundHperminute.

Electrical-heatde-ici~minstallation.- Theuseofelectric
heatersforde-icingwasconfinedto thefanbledesandstator
vanes,as showninfigure5. Becausoof thelargenumber& blades
andtheanticipatedlarGQpowerrequirements,onlya fewofthe
bladesweresoheated.Thebladeheatersweresimi@ topropeller-
bladede-ici~heatersandccnsistedofparallelchordwise
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electricalresistancewiresenclosedbetweentwola;mrsofneoprene
cementedto covertheentirechordofbothbladefaces.Becauf3ethe
heaterswererectangular,theydidnotfullyprotecttheinnerends
ofthefa-bladeleadingedges.Heaterswereappltedto twelveof
the72 fm blades,arraru@intwogroupsof sixconsecutiveblades
diametricallyoppositeandto sixconsecutivestatorvanes.The
heatedareaoneachfanbladewas21.3squareincheswitha resist- “
anteof 12ohmsperblade;theheatedsxeacna statorvanewas
39 squareincheswitha resistanceof 16ohmspervane.

Thepowerdenoityoftheheaterswasuniform.Thetwelve
heatersonthefanbladeswereconnectedInseriesinonecircuit
andtheSIXheatersonthestat-orvaneswerealsoseries-connected
ina secondcircuit.Powertothebladeheaterswasmetered
througha variableresistanceandtransmittedto thefanthrough
a slipringmountedonthepropellerhubbehindthefan. An elec-
troniccyclettierpermittmd.thecyclicalapplicationofyowt3rto
thebladeheaters.

CONDITIONSANDPROCEDURE

Theinvestigationwasconductedinthreepartstodetermine:
(1)fan~rformanceinclearair,(2)effectof icingonfanper-
formance,and(3)effectivenessof severalioingprotectionsystems.

tJpeedandperformanceconditions.- Theinvestigationwasmade
atfanspeedsandairspeedscorrespondingtorated”power,cruiue
power, andrated-powerclimbconditionsof theairplaneforwhich.
thispszticularfanwasdesi~d. Eecauseofthsslowresponseof
theavailablepropellergovernor,theentireprogramwasmadeIn
find propellerpitchwithmanualthrottlespeedcontrol.Thetun-
nelairspeedswerethehtghestthatcouldbe obtainedinthodif-
fusersectionoftheicingresearchtunnelbutin somecaseswere
alightl.yleesthanthecorresyondi~flightairspeeds.Inaddition,
itwasimpossibletomaintaina constant-airspeedforallicing
conditionsbecauseof Icingofthetunnel.Baffleplatesof three
differentsizeswereusedtoobtaintherequiredpressuredropand
cooling-air flow foreachofthe powerconditionstested.Theair-
planethrustaxiswasatan ~le of attackof0°fortheenti~-
investlgation.

Calfbr!tionof tunnel-icj.~conditions,- Theicingconditions
weredefinedby theau%lent-air+enperatureandliquid-watercontent
oftheair. F@ure 6 presentsthevariationof liquid-watercontent

.

.
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withairtemperatureat thefaceofthecoolingfanas determinedby
a surveyconductedInthediffusersectimof theic~ research
tunnelanda comparisonoftheseconditionswiththe.values~c- ..
ommendedby theNACASu’bcomnitteeonDe-IcingProblemsandby the
Mt.WashingtonWeatherBureaumeetingonJune.1!3,1945.Thesub-
committeevaluesareone-halfoftherecormnendedmaxim{mva.zuesand
areforaverageor t.~i.calicing.Verticalcyhtire rotating
abouttheiraxeswareinstalledinthediff’usersection&dj.from
measurementsof thelocalvelocityandtheiceaccumulationper
unittimeonthesecylinders,theaverageliquid-watercontentin
gramspercubicmeterforeachconditionof tunne1 airvelocity,
ambient-airtempsratum,=a spay-waterinputpreesurewascomputed
by themethodof Languuirof theGeneralElectricCompany.Droplet
sizewasalsomeasuredhutno cansietentcorlwlationwithairtem-
peraturewe obtained.An averagedro@etelzeof 55micranswae
obtainedintheicingresearchtunnelfqrtk.r- ofairtempera-
tureof0° to32°I’as comparedwiththerecommendedaver-s c&
10and30microns,reapectivelyjat theseLem.peraturea.Thisvar-
Iationindropleteizewasnotconsideredimportant,however,
becausethecollectionefficiencyof mall ob.%cts.euchas the.th@
fanbladesandstatorvanee isknowntobe verycloseto 100Eercent.
AlthoughtheIicyuid-watercmcentrationsareslightlylessthenthe
recommendedvaluesformostof W temperaturerange,theexperi-
mentalvalues are neverthelessrepresentative&?moderate-to-light
icingconditionsencounteredintheUnitedStates.Thissurveywas
madeapproximately3 monthsbeforethecooling-faninvestigation.
Althoughtimelimitationspreventedanyextensivechecksof the
liquid-waterccntentanddffftrtbution,visualobservationsof the.
spraycloudandicingof thetnatallationandt~l, togetherwith
readingsof spray-wateriny.ztpressures,indicatedthattheicing
conditionswerefairlyconstantandinfairlycloseagreementwith
theindtcatedvaluesforthacoolin&fsntiVe@igatiOn.A velocitY
suuveymcikaffterthisinvestigationIndicated;howevar,thatthe
ici~ of thecontractionsectionof thetunnelresultedinan
increaseinthethicknessof thetunnelboundarylayerwitha cor-
respondingticreaseinthevelocityat thecenterof thetwnel.
Inaddition”totheckangeinvelocitydistribution,thisincrease
inboundarylayeralsocausedmme changes,in liquid-watercchtent .
anddistribution.

Clear-aircalibrationoffan.- Becauseof thedifficultyof
heatingtheshieldedtotal-pressuretubesinfrontof thefanduring
theicinginvestigation,a calibrationwasmadeundernonicingcon-–
ditimstodeterminetinevariationinair-flowtotalpressureat the
faninletwithtunnelsirspeed,fanspeed,andbaffle~eemre drop,
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SubsequentIcingstudieswerethenmedewithoutthefan-inlettotal-
preaeuretubes.As indicatedinthediscussionof thotunnel-icing
calibration,theicingof thetumel throatcauseda chengeinthe
airflowat thelaceofthef= andhencethecalibratedvaluesof
inlettot’alpressureweremmowbatdifferantfromthosethataotually
occur~=d~tir iC~ conditio~.Frmsm’xeguentmaaurements,it
iaestimated,however}thatthevariattoninttialpressurewith
ioingintheazwaofthecoolingfanwai3~t morethan3 percent,
whichwouldresultinanerrorof 15to20proentinthemeciiired
pressuredifferentialthrou@lthefan.

Ioing.- Thegeneralyrocedurefor the icinginvestigationwas—..
asfollows:Afterstabilizingtheair-t8~~wratur6~’tunnalairspeoil,
andfanspeedatthedesiredcondlticns,tineicingspray was Btarted.
Alldatawererecordedat l-minuteintervHlsandvisuzalobservations
oftheicingwerecoritinuoaslymadeusingthewtroboeoopi.clight
system.Thelengthofeachioingexperimentwaedeterminedby the
severityof theictngofthecooling-fnnassemblyandthedrop-off
Inthetunnel-airvelocitydueto icing.UQoncoroyletbnofeach
experiment,photographsweretakenoftheresidualiceformationon
thecomponentpartsofthefanaseembly.A eummaryof theco?xllti.ons
fortheichg investigationiagivenintableI. Theconditionsof
airtemperature,liquid-watercontent,fanspeed,andtunnelairspmd
aremeanvalues. ..

Steamheat%. - Theprocedurefortheirrvestigatlonualng
steamjetsinthe;owlinglipwasmuchthemmo asforIcing.The ,,

v
effectivenessofbothicepreventionandde-icingwasinvestigated,
l’nthefirstcase,thesteamandicingspraysweroturnedcmat the
sametimeandtheeffectivenessof ico_pzwventionintheheatedarm
wasnoted,Duringde-icingthefemassemblywaea“llowedto icefor .—
5 minutesbeforeapplicationofthesteam.ThefirstcOtilgUratiOn
utilizeda singlesteamlineattheoutsideof theinletductand
theaocondhadanadditionalgteemlineinsidethecowl’-lip. Tl@
steam-h~ati~conditionswere: t~el airspeed,214f66t-p6rsecond;
airtemperature,14°F; liquid-watercontent,0.5grampercubic
meter;fanspeed,900rp; icingtime,5 minutes;steamPresewre,
5 Toundspersquaroinch.

Alcoholde-icing.- Yoralcoholde-ioingprotection,thelCiW
spraysandalcoholsprayswerestarted.simultaneouslyandtho
alcoholwasturnedoff30 secondsaftertheicing~prays.The
investigationwaema& undervarioueicingandperformanceconditions
fordifferentalcoholflowsandspraycmfi~urationst‘Kcausoonly
a part=ftheetatorbladeswerede-iced,n~ pressuremeasurcmer.%s
weremade. A summaryoftheconditionsisgivenintable11. i
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Electrical-heatde-icZng- Withthe‘electricbladeheaters,
onlycyclicalde-ici~wasin~estigated.withheat-onandheat-off
periodsof30 seoonds.Becauaecdtheanticipatedlargepower
requirenmntmand%helimitationsof&resentaircraftgenerators,

.—.

cyclicalheatingseemed.tobe themostpracticalmethodofelec-
tr?.calheat= forinvestigationinthelimi%dtimeavailable.
Withcyclicalheating,severalgrmpa ofbladescanbe successively
heatedandthegeneratorcapacityisconsiderablylessthanwhen
simultaneouslyheatingalltboblades,No Freseuremeasurements
weremedebecauseonlya fewofthebladeswereheated.TheiCi~
spraysandheatweresimulteneoualystarted.A S~~Sryof theCOll-
ditfonsfcrthisinvestigationisgt~en!.ntableIII. ...

REULT9ANDIUi3CtE3SION

Theresultsof theinvestigationarepre~entedintews of.~he
fan-pl’formancecoefficientsCP and CQ andby photo~aphs”af
icingandde-icing.Thefan-preamrgcoefficientisdeflncnlas.
Cp= AF’ andtheair-flowcoefficientas

Q(7(Tld)z
cQ=&

o 2

where

d fan-tipdismeter,feet

n fanspeed,rps

JP press-merisethroughfanaesembly(P2--PI), poundsper
squarefoot

PI totalpressureatfrontoffan,pounik&r sq”tirefoot ‘-”-–

P~ totalpressureatrearoftanassembly,poundsperHquare
foot

Q cooling-airflow,cubicfeetpersecond

P coolhg-ai~massdensity,slugspercubicfoot

Icing.- Photo~apheshowingtypicalicingof thefanassembly
at tkLe conditionstestedareshowninfigures7 to 12. Tkeeffects
of icingonfanperfcraanceaxeshowninfigures13and14wbre
theratiosoftheairflowandfanpressureof theicmdfcnto that
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a+jainstIcingtime.Althoughinmffic~entdatawereavallabloto
comparetheeffect~Gf icingut allicingandpmfommnceconditions,
theresults shown infiguresL5acd14are.complet%enoughtodefine
theeffectsof icingonfanpe~cxmancethroughoutthenormalran@
of icingandperformancecoriditlons.Theminim airflowrequlred
foradequatee~ine coolingisLndlcat3d,infi=gnwUSas computed
fr.omdatasuppliedby theenginsmanufacturer.

Theonlyconditionatwhichtheafr-fbwcoofficientratiodid
notmarkedly&ecreasewasatanairtemperatureof 2°T, liquid-
watercontentof 0.3grampercv.bicmeter,andfanspeedof 872-
(fig,13), Photographsof icingat thesecorfiitions(fig,7) show
onlya negligibleicebuild-uponboththefanbladesandstator
Vanoa* At I-6°F, 0.5w’ampercubicmeterzand897rw, theair-
flowcoefficientratiodecr5aw3d,approachingtlusminimuml’equlred
valuein5 minutes;wk,ereasat 14°F, 0.5grampercubicmeter,and
lC60rp the~low-coefficientratiofGllto theminimumrequircxi2
valuein3~mlnutws,continuedtodecrease,andreacheda fairly
stablevalueafter6 minutes.Photographsof typicalicingat these
twoconditions(figs.8 and9) f3hOWrOhti-m~yIi@ItiC~ Ofthe
statorvanesatbothspeedswithmostoftheIceontheleadingedge
andconcavefaceofthefanbladesandextmemelylargeformationsat
thehigherfanBpeed.At epproximatel~ thesamefanspeeds,as the
experimentsat 897and1060rp$ andat 23°F, and0.9gram@r
cubicme’cer,thecoolir~-air-flowcoefficientfelloffsharply,
reachingtheminimumreq~.~.ilwdvalueh 2 to 3 minutes,andcontinued
todeclinewitha ccmpletestop~geof ‘theflowoccurringin5 to
6 minutes.Photographsof typicalicingat thesecoxiitlons
(fIgs.10and11)ehgwrelatively--littleicoon thefan bladeswith
thestatorvanescompletelyblockedby veryheavyformations.

Thevariationinthepressure-coefficientratioat thesamo
s~ed andicingconditions(fig.14)exhibite&eimilartrends.~~..
14°and16°F (figs.8,9,and14),thedecreaseinpressureca3ffi-
cientwasprimarilydueto icingofthefanblades.

Altho~hno <performancedatawereobta+inedati17°3’and
0.7grampercubicmeter,visualobservationsrevealedserious
ici~ atthiscondition,As shownby thephotographsinfiguro12,
heavyicingofthefanbladeswas obtainedwithmediumformations

.
.

.—
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on thethrustfaceandleadingedgeofthe”.statoi%es.- At.-one.
timeduringthisrun,strobosco~icobsenationashowedthefan
bladestobe fully,bridgedoverbutmuchof”thisicewaslater
th”~ownOff. ..

Inadditiontothef= andstator’bladeejseveralothercomp-
onentsofthefanassemblyweresub$ectto icing.“Asshownh the
icingphotographs,thefan-diskdi’shpsna~cumulatediceinvarying
degrees:For’mostconditions,thisicingwasfairlyli-@,t,”never
exceedingthree-eighthsinchin t.hicknesa.Withtheexceptionof
runsat anairtemperaturebelow50F, thisicewa8,priodidally
thrown”,offinirregularpatterns.Althoughthedis~~”isof mall
diameter,thisirregularthrow-offof icecould”contributet.opro-
pellerunbalanceinicingconditionsparticularlyathigherfan
speeds.‘Heavyicingof theenginecowlinglipandtheinlet”@et
atthefan-bladettpswago~otainedat severalici~ conditions
(figs.10a.ndll).Icingo?thedishpan,cowlinglip,andinlet-
ducthadnonoticeableeffecton thefanperformance.

Steam-heatde-ici~l- Theresults’ofa briefqualitative
Investigationoftheuseof steamforde-icingthecowlinglip~
inletductareshowninfigure15. Figure15(a)showstheresults
ofde-ic~ witha singlgstem lineplgce.d.otit~.the“inIet.duct
at thetipof thefanblad”es.Theheateclarbaetartedto“throw
off ice50 secondsafter.thesteamwasturnedon andalltheice
wasremovedwithin2 minutes.withthe”heatedties’remainingclear
thereafter.Ina delayedde-icingrimwith.the’sameconfiguration,
steamwast-d on after5 minutesof‘ici~-tidtheicein the
heatedareawasthrownoffwithin30 seconds.-Withthe ao”ublesteam ___
line installed(fig.15(b)),a slightlygreaterareaincludingthe
lipoftheenginecowlingwas.de-iced.inthesametime.Fromthese
results,itappearsthatthede-icingof theseareasbymeansof,
hotgasesisentirelyfeasiblez .“

Alcoholde-ici~. - TWresultsof t~ useof alcoholsprays
areshowninfigures16to 20. At an alcohol-flowof0.5pcnind
perminuteandwiththeinitialsprayconfigurations,fairlygood
de-icingofthefanbladeswasobtainedat anairtemperatureof —
13°F andliquid-watercontentof 0.4gramper’cu~icreter.(fig.”16)~
A fairlyheavyaccumulationof slushwasretained,however,on
severalstator.vanesthatwereconcaveupw+d. At ahigherair
temperatureand~ter contentandwiththesamealcoholflow
(fig.17), the f%.nblade~wereonly partly de-iced andall the
stator m.neswerepartly blocked by similar deposits of slush.
Whenthealcoholflowwasincreasedto 1.2poundsperminuteat
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ap~roxirnatelythesameicingemispeedconditions~ wj.ljhtb8.sec-
onds~rayconfi@ratlon,no ti”provementinde-icingwaiapparent .

(fig,18). Althoughtheconvexfacecfthefanbladeswasalmost. h
completelyclearof ice,heavydepositsof slushWereasmuch.as
three-fourthsinchthickat theconcave-facetrailingedge,The
statorvanesagainhadlargeformationsofweticeandwereapprox-
immtely,50-perceutblocked.At a mediumicingcondition(airtom-
peratwe).140.fiandllqutd-watercontent,0.5greMI/cum) andan
alcoholflowof 1.5youndsper-minute,thefanbladeswerealmost
fullyde-iced.(Seefig.1.9.).h%diumformationsofwstice”were
foundonthestatorvanes.immediatelybehindthespraytubesand
onlya thincoat~ of icewasfoundontborest-dtheetator
blades.Whenthealcoholflowwasincreasedto 2.3poundspermin-
ute,thefanbladeswere.againalmostcompletelyde,-iced(fig.20).
Largedepositsaccumulated,however,on allthestatorvanes.As
shownby theph.otographs.ofallthoalcoholde-icing(figs,16 to 20),
thealcohol-dilutedicethrownoffthefanbladeslmpi~edonthe
statorvaneswheroitremainedandrefroze.Forallconditions,
configurations,andflowsinveatlgate~theuseof alcoholaea
de-icinga$entprovedineffectivebecau~eof theIIIar@n.~1de-ic~
ofthefanbladesandthelar~eicedepositeobtainedon thestator
vanee. It isestimatedthatno practicalamountofalcoholwould
satisfactorilypreservefan~rformanceunderallicingconditions,

Electricalheatde-icing- l?hoto~aphsshowingtheresultsof
theu~of electricbladehea~ersarepr!e”sentedin”fi”~urcs21to 25,
As onlya fewofthefanbladesad statorvaneswereheated,no
fan-performancedatziwereobtained,Withan airtemperatureof
15°F, liquid-watercontentof 0.5grampercubicmetsr,farispeed
of 954rpm,anda powe”rdensityof 5 wattspersquareinch,fairly
completede-icingoftheheatedfanblad8sresulted.(Seefig.21,)
Thesmallamountof iceattherootoftbeleadingedgewascm.zsed
by icebridgingoverfroman unheatedpartoftheblade.It ehould
be notedthatthegroupofheatedftibladesbehindpropeller
blade1 werepartlyshieldedfromicingbythobladeshank,The
de-icingofthestatorvaneswasonlymarginalwithroughicebuild-
ingupnearthetrailinge@e. Whenthepowerdensitywasincreased
to 6 wattspersquareinch(fiG.22),sogeimprovomontinthede-icing
of thestatorvanesresultedbutroughicestillcollectedat the
traflingedge. At a hiflhertom~ratureandU@d-wfitercontent
(fig.23),completede-icingof theheatqdfanbladeswasobtalmed
after5 minutesof icing.Thode-icingof thestatorvaneswasagain
marginal.TheeffectsofelectricalMatingattwoic~ conditions,
eachof 10-minuteduration,areshowninfigures24and25. Both

-.
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experimentsweremadeatpowerdensitiesof 6 watts@r squareinch
withthefanbladesalmostcompletelyde-iced.At thelowertem-
perature,thede-ic~ ofthestatorvaneawasmarginalandat the
highertemperatureandliquid-watercontent,tk~de-icingof”the
statorvaneswasmmpletelyineffective.

TheInvestigationoftheuseofbladeheaii0r8at otherpower
densities,heat-cn.andcycietfimsswaspreventedby electrical
failuresandtimeltiitations.Theelectricalbeetde-icingtests
indicatedthat6 wattspersquareinchshouldbe themlnhmxupower
densityforthefanblades.Fromobservationsof theicethrow-off
tbm, itisestimatedthattheheat-mtimeforthefanbladesmight
be slightlyreduced.Continuousanti-ici~wouldprobablyprovide
thebestmeansofprotectionforthestatorvanes.Theaccumulation
ofroughfceat thetraili.agedgeof thestetorvanesindicatesthe
occurrenceofrunbackcausedby themeltediceflcwingtowardtho
rearof thevanesandthenreflwczingduringtheheat-offPertodi
Mwer requirementsforthestatorvaaesmaybe evenhigherthan
indicatedby thisinvestigationas onlyonesixthofthefanblades
wereheated,thusreduc~ thoamountof icethatwouldbe caught
by tinestatorvaneswithfullprotectionof thefanblades.Power
economiesmightbe affecte~by inc~reasingthecycletimeforthe
wholeassemblybuttheIcingrunsindicatethata heat-offtimeof
morethan2 minuteswouldresulth a @riouslossinfanperfozzu-
ancefortherangeof icingconditionsinvestigated.

SUMMARY(X?RESULTS

Theresultsof an icinginvestigationofa conventionalradial-
enginocoolfng-fa.ninstallationin theici”ngresearchtunnelt.ndicate
that:

1.Theicingoftheunprotectedinstallationpresentsa mmxtous
operationalproklen.Reductioninairflowbelowthsminimumvalue
re~airedforadequateenginecoolingoccurredwithin2 minutesand
completestopp~~of thecooli~-airflowthroughthefana8semblY
occurredwithin5 minutesundernormalicingconditions.

2.Steamde-icingof thecowlinglipandInletductshowedthe
feasibilityofhotgasde-ic~ forthisportionof theassembly.

3. Alcoholde-lctigof tjj,efanprovedtobe ineffectiveand,
insomecases,increasedtheic~ problemby cauflinglargeforma-
tionson thestaborvanes.

..

w



12 NACATN NO,1246

4.Electricalbeatde-ichgwasthemostpromfsimgmethodof
de-icingtheblades.Thefanbladesrequired.a mintiunpowerdensity
of 6 wattspersquareinchbukforthestatorvanesthispower
densityprovedinsufficient.

.
.

AircraftEngineResearchLaboratory,
NationalAdvisoryCommitteeforAeronautics,

Cleveland,Ohio!February10,1947.
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TABLEI- CONDITIONSFORICINGINVESTIMTION

OFANENGINECOOLINGFAN

l-i-Tunnel Tunnel
air- air

Figurespeed tewper-
(ft/ a~~
SQC)

7
8
9
10
.11
12

.-----
------
------
---.-.--
------
------

210
220
217
222
222
213
214
220
220
220
217
219

2
16
14
23
23
17
13
14
16
17
25
26

?an Nominal Liquid-Ic~
~peedcooling-airwater time
[rpil)flow content(rein)

(CUft/min)~;/

872 54,000 0.3 5
897 22,000 .5 5
1060 30,000 .5 10
872 21JO(X3 .9
1065 22,’000 .9 ;
872 22,000 97 5
874 21,000 .4 5
905 20,000 .5 5
917 23,000 .5 5
892 20,000 .6 5
852 23,000 1,0 5
872 221000 1,1 5

NationalAdvisoryCommittee
forAeronautics

13



1.4 NACATN No.1246

11 - CONDITIONSFORALCOEOLSIE-ICYNGINVESTIGATION

OF ANENGINECOOLINGFAN

—.— .—e

Tun.ne1 Tunne1
air- air
speedtem~r-
(ft/ a;~y
see)
218,5 13
217 25
2llJ 24
218.5 14
218.5 13—...—

F~-
s~eed cooling-
(rpm) airflow,

(QU2t/
rein)

89SL23,Of?O875 23)OCXI
950 .23.,000
952 23,000
950 23,00S).

0.4
1.0
1.0
,5
.5—...——

Iclw Aloohol
tw flow
(rein)(lb/rein)

5

.L

0.5
5 ,5
5 1.2
.5 1.5
5 2.3— ——

TABLE111- CXINDITIONSFOREZECWRICAL-HWU!DE-ICING

INK5E2!IGATIONOF ANENGINECOOLINGFAN

Ii‘‘-‘1.-‘-‘4
T%nne 1 TunnelFaI..Liquid-Icingpolier rHeat - cycle Nominal

~~g- air- air... sped water time dens~ty on time cooling-
speedtemper-(rp) content(mtn)(watt/time (s00)airflow

“m (ft/ a~q (w~/ q in.) (see) (Cuft/
see) cum) mln)—..-— — .—c .—.— .—

21 2L8 15
—..

95T ‘0.5 5 5 30 i< “—-23,000
22 218 16 950 .6 5 6 30 60 23,000
23 221 28 950 1.2 5 6 30 60 23,000
24 216 14 950 .5 10 6 30 60 23,000

22125 _.._.._Z__ 952 1.0 10 6 30 60 23,000— .—

NationalAdvteoryCommittee
forAeronaut3.cs
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Figure 1. - Engine cooling -fan installation.
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Figure 2.” - Location of pressure-tube rakes in cooling-fan
Installation.



MACA TN NO. 1246.. Fig. 3
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Figure 3. - Location of steam lines-in cooling-fan
installation.
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NACA TN No. I 246 Fig. 4
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First spray-nozzle-
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Figure 4. ‘- Location of alcohol spray nozzle bars in cooling-
fan installation.



8

●

NACA TN NO* 1246 Fig. 5a,b
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(a) Heaters on fan blades.

h.

h_ ., ---- . ...-
~. ●

_=

..undm

a-A. J, .,,.

.,—
9

1 .--—4

.-

(b) Heaters on stator vanes. NACA
C-17144

Figure 5. 11-7-46
- Electric blade heaters in cooling-fan

installation.
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(b) close-up of fan blades.

(c ) Views of spinner and fan.

Figure 7. - Ice formations on cool ln g-fan installation after 5-minute run at air tern- _
-n

perature of 2°!F, Ilquld-water content of 0.3 gram per cubic meter, and fan speed of :
872 rpm.
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(c) Close-up of fan b

Figure 8. - Ice formations on coo

Perature of +6° f, IIquid-water
897 rpm.

b-l J
w J.

lb) vi@W Of iCe formations on fan and
spinner.

NACA
C-17156
1 !-7-46

.

+
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o

ades, (d ) View looking forward showing Ice
formations on stator vanes. -n

Ing-fan installation after 5-minute run at alr tern- ~

content Of 0.5 gram per cubic meter, and fan speed of
co
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NACA
C. 17157
11.7-46

blades.
an

(c. ] Close-up of fan blades. (d ) View looking forward showing ice
formations on stator vanes.

Figure g. - Ice formations on cooling- fan installation after 10-niinute run at air tem-
perature of 14° F, liquid-water content of 0.5,gram per cubic meter, and fan speed of
1060 rpm.
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(c

(a) General view of ice formations. (b] Close-up of ice formations on fan
and spinner.

) Close-up showing ice formations

fan blades and blocklng of stat
on (d] View looking forward show

or formations blocking stato

1
I

~ ‘1

1
.

ing ice

r vanes. -n

vanes.
Figure IO. - Ice formations on cooling-fan

In

Perature of 23° F,

installation after 5-minute run at air tern- .

liquid-water content of 0.9 gram per cubic meter, and fan Speed of -
872 rpm. o
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(al General view of Ice formations. (b) Close-up of ice formations on fan,
blades.

(c) Close-up showing blocklng of stat

tAACA
:- 17J59
1-7.46

or I(

vanes, formations on stator

Figure Il. - Ice formations on cooling-fan installation after l-minute

Perature of 23° F, liquid-water content of 0.9 gram per cubic meter,
1065 rpm,

e

+
z

z
o

h)

vanes. -n
-.

run at air tern- @

and fan speed of .



z

>

z
o.

(a) General view of ice formations.

NACA
c- 17149
11-7-46

(b) Close-up showing bridging of Ice
over fan blades.

Figure 12. - Ice formations on cooling-fan
Perature of 17° F, 11 quid-water content o’
872 rpm.

[c] Close-up showing blades that had

thrown off ice.
n

nstal Iation after 5-minute run at air tern- Y

0.7 gram per cubic meter, and fan speed of _
m.
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NACA TN No. 1246 Fig. [3
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Figl.me-13. - Redwtioainaooling-air-flowe6sfflc~ratioforvarious
ioingandfan-speedconditionsforimestigationofoooling-fan
installation



.-

S

>.

●

NACA TN No. 1246 . Fig. 14
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NACA TN No. I246 Fig. 15

(a) Close-up showin,3g de-icin g with single steam line. Air
temperature, F; liquid-water content, 0.4 gram per
cubic meter; fan speed, 874 rpm.

(b)

Figu
of
af

Close-up showin,63 de-icin g with double steam line
temperature, F; liquid-water content, 0.5 gr
cubic meter; fan speed, 917 rpm.
re 15. - views showing effect of steam-heat de-it

cowling and inlet duct in cooling-fan ifistallati
ter 5 minutes of icing.
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(a ) General view of Installation. [b) Close-up of spray nozzle bar.

NACA
c. 17147
II-7-46

(c ) Close-up of thrust face of fan (d ] View looking forward through stator
blades, vanes .

Figure 16. - Views showing effect of alcohol de-icing of cooling-fan Installation at
air temperature of 13° F, liquid-water content of 0.4 gram per cubic meter, fan

speed of 895 rpm, and alcohol flow of 0.5 pound per minute.
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la] General view of installation,

MACA
C-17148
11-7.4(
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o
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[cl Close-up of fan blades. [d I View looking forward through stator
vanes.

Figure 17, - views showing effect of alcohol de-icing of cool lng-fan installation at

air temperature of 25° F, liquid water content of 1.0 gram per cubic meter, fan

speed of 875 rpm, and alcohol flow of 0~5 pound per minute.

-n
Ul
.

.

I.l. ,’

I ‘: I



● ✼
1’ &

673 . ●.

z
>
0
D

(b) View showing de-icing of fan blades.

NACA
.17150
1-7.46

n (d) View Iooklng forward through sta

vanes.

tor

Figure IEI. - Views showing effect of alcohol de-icing of cooling-fan Installation at

air temperature of 24° f, liquid-water content of 1.0 gram per cubic meter, fan

speed of 950 rpm, and alcohol flow of 1.2 pounds per minute.
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al General view of installation. es.

NACA
C-17151
II-7-46

[c 1 close-up showing de-icing of fan (d) view looking forward through stator

blade s.” vanes.
n

Figure 19. - Views showing ,effect of alcohol de-icing of cooling-fan installation at ~

air temperature of 14° F, llquld-watercontentof 0.5 gram per cubic meter, fan

speed of 952 rpm, and alcohol flow of 1.5 pounds per minute. w
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(a) General view of installation. lb

(c ) Close -up. of fan blades.
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Figure 20. - Views showing effect of alcohol de-icing of cooling-fan installation at
air temperature of 13° F, liquid-water content of 0.5 gram per cubic meter, fan

speed of 950 rpm, and alcohol flow of 2.3 pounds per mlnUte.
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II Close-up of unheated fan blad;s.

(c J Close-up of heated fan blades. (d) View looking forward show-i~g heated

and unheated stator vanes.
-n

Figure 21. - Views showing de-icing of cooling-fan instal Iation by electric blade
heaters after 5-minute run at air temperature of 15° F,

m
liquid-water content of 0.5 “

gram per cubic meter, fan speed of 954 rpm,
1

inch.
and power density of 5 watts per square M
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(al General view of installation.
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(b) Close-up of heated fan blades. (c) Close-up of unheated fan blades.

Figure 23. - Views showing de-icing of cooling-fan Installation by electric blade
n-,

heaters after 5-minute run at air temperature of 28° F,
10

liquid-water content of 1.2 9
grams per cubic meter, fan speed of 950 rpm, and power density of 6 watts per square
inch. 2
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(a ) General view of instal
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at ion. (b) Close-up of unheated fan blades.

(c ) Close-up of heated fan blades. (d) View looking forward showing ice

formations orI heated stator vanes.

Figure 25. - Views showing de-icing of cooling-fan Installation by electric blade
T

heaters after 10-minute run at alr temperature of 22° F,
In

liquid-water content of I.O “

gram per cubic meter, fan speed of 952 rpm, and power density of 6 watts per square

inch.
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